An acoustic study was conducted in the Galician shelf (NW Spain) during the late winter of 2012, to 23 detect and assess larval fish abundance. An echo sounder operating with 18, 38, 70, 120 and 200 kHz 24 split-beam, hull-mounted transducers was employed. We analyzed the acoustic records in order to 25 describe vertical and horizontal distribution patterns of larval fish aggregations. Regressions 26 between acoustic backscattered energy and density of the most abundant species (Micromesistius 27 poutassou) indicated that larvae with a swimbladder incremented notably the acoustic response at 28 38, 70 and 120 KHz. However, the predicted acoustic resonance at larval size and depth shows that 29 the 120 kHz is unlikely being effective to detect fish larvae. Contribution of zooplankton (fish larvae 30 excluded) to total scattering was negligible even at the higher frequencies, except for several groups 31 of fluid-like zooplankton, such as chaetognats and polychaets. Horizontal and vertical distribution of 32 acoustic backscattering also indicated that larval fish aggregations can be detected in Galician waters 33 with acoustics, and suggest this technique as a useful tool to overcome difficulties associated with 34 larval ecology and fish recruitment studies. 35 36
Introduction 39
The embryonic and larval periods in fish have important ecological and evolutionary functions. from the depth sensor towed behind the ship were thus matched to the echograms, with a file 154 structure compatible with the Echoview version used in this work. Finally, from the gear trajectory 155 line represented in the echograms, virtual parallel lines were generated by the Echoview software, 156 defining the areas employed for subsequent analysis (Fig. 2) . 157
Before any processing of the echograms, background noise was removed using the Echoview 158 Data Generator Operator. This operator amplified the background noise at 1 m, i.e., the initial S v 159 value of noise, according to the formula of time-varied-gain (TVG): 160
where R is the depth (m) and α is the attenuation coefficient. To calculate the background 162 noise at 1 m, a region with exclusive background noise was integrated, and its average S v was 163 estimated. The TVG amplification was subtracted from the 20 log R echograms. During the survey, 164 the average of noise level at 1 m was: −122.9 ± 3.9 (mean ± SD), −128.2 ± 4.9, −137.9 ± 4.9, −140. trachurus (Russell 1976) . In species for which no references were found, the minimum length was 186 taken as the mean of the length-range in the samples. 
Biological sampling 210
Larval density pooled for all fish species ranged from 8.26 to 14400.00 larvae •1000 m 
Spatial distribution 223
Zooplanktonic aggregations were detected along the sampling transects. They were 224 particularly intense at depths lower than 100 m, at frequencies of 38 and 70 kHz, being higher than 225 the acoustic threshold used during the survey (−75 kHz). The average S v detected at 18-200 kHz 226 ranged from −70.6 to −64.8 dB. The horizontal distribution of the densities of fish larvae with a 227 functional swimblader estimated from the multinet catches was compared with the acoustic 228 backscatter distribution at all frequencies analyzed. Density of fish larvae increased from south to 229 north (Fig. 5) . The main aggregation of fish larvae occurred in the northernmost area, followed by a 230 relatively high larval fish density off A Coruña (see Fig. 1 for locations) . Acoustic backscatter and 231 swimbladdered larval fish density showed similar distribution patterns for all frequencies (Fig. 5) . 232
However, the best correspondences between acoustic sizes and the main larval fish agreggation was 233 found at 38 and 70 kHz (Fig. 5c,d ), while less similarity was found considering the other three 234 frequencies, particularly at 120 and 200 kHz (Fig. 5b,e,f) . 235
Daytime and nighttime vertical distribution of larval fish aggregations in 38 and 70 kHz 236 echograms did not appreciably differ, particularly at 70 kHz. At 38 kHz, the maximum S v values over 237 the surveyed area were found at depths ranging between 20 and 130 m during daylight, and 238 between 10 and 110 m depth at night (Fig. 6) . However, S v was mostly confined between 20 and 70 239 m in coincidence with larval fish concentrations in net samples. A wider dispersion of the maximum 240 acoustic values through the water column during day, and a tendency to concentrate in the 241 shallower layers during the night, was also observed. 242
The depth-compensated noise levels for the frequency range used, estimated from the 243 average recorded noise levels at 1 m, reached the mean sacttering levels of the plankton layers at a 244 11 minimum depth of 190 m for 200 kHz, and a maximum depth of 480 m for 38 kHz (190 and 290 m 245 depth for the threshold of −75 dB employed, respectively). Given that those depths are greater than 246 the maximum depth of the studied acoustic layers, the noise contribution to plankton-scattering 247 levels was considered negligible. 248
Relating biological sampling with acoustics 249
The scatterplots and linear relationships between the acoustic backscattered energy 250 (expressed as S v ) and density of total fish larvae are shown in Fig. 7 . There was a significant 251 relationship between S v and density of fish larvae at all frequencies ( Table 1 ). The best fit was 252 obtained at 70 kHz (R 2 =0.577). The regression model, including fish larvae and zooplankton 253 abundances, reduced only slighlty the AIC and did not increase significantly the coefficients of 254 determination (Table 1) , and actually the zooplankton contribution was not significant at all 255 frequencies (p>0.07). 256
To check that swimbladders of fish larvae produced the backscatter detected by the echo 257 sounder, we compared the S v values with the density of all fish species that develop swimmbladders 258 (Table 1) . The regressions at each frequency yielded virtually the same results as in previous analyses 259 and, likewise, the zooplankton abundance was not significant. Since swimbladder inflates some time 260 after hatching, and most of the larvae collected were small (Fig. 4) , we assessed the impact of larval 261 size on the relationship between S v values and the density of the most abundant species, M. 262 poutassou, which was also well distributed over the studied area. The linear fit improved at 38, 70 263 and 120 kHz when hauls with average larval length smaller than 3.0 mm were removed ( Table 2) . 264
Thus, excluding those hauls, the coefficient of determination at 70 and 120 kHz was 0.556 and 0.509, 265
respectively. When hauls with average larval length smaller than 3.5 mm were excluded, the 266 coefficient of determination at 38 KH was 0.428. A possible explanation may be that an inflated, i.e., 267 functional swimbladder, can be disregarded in M. poutassou larve smaller than 3.0-3.5 mm. The 268 relationships slightly improved with increasing larval length at 200 kHz, whereas at 18 kHz, the linear 269 fit was not significant in any case. 270
By contrast, the relationship between zooplankton (fish larvae excluded) density and 271 backscattering (in S v ) was lower at all frequencies, not only for the total zooplankton but also for 272 most groups (Table 3 ). The best fit was found for chaetognats and polychaetes, which reached an R 2 273 higher than 0.35 at 38 (in the case of chaetognats) and 70 kHz (in both groups). 274 ¡Error! No se encuentra el origen de la referencia.For depths ranging 20-70 m, a resonance 275 is expected in 3-5 mm larvae of M. potassou at 70 kHz, and 5-8 mm at 38 kHz. Most of M. potassou 276 larvae caught with the plankton net fall into similar length-ranges and depths. However, at 277 frequencies of 120-200 kHz, resonance would be expected in larvae smaller than 3 mm, for which an 278 inflated swimbladder in M. pottasou was not considered. At the lowest frequency employed, 18 kHz, 279 the models predict resonance from larvae of 10 mm and larger, which were not found in this study. 280
In accordance, the 18 kHz echograms did not show significant echotraces in correspondence with 281 larval fish catches, likely because the survey was completed at the beginning of the spawning 282 season, supported by the fact that most of the larvae were in early posthatch stages. 283
284

Discussion 285
Potential use of acoustic techniques and limitations 286
This is the first acoustic study on the larval community in the Galician waters. In this paper, 287 we compare data of the abundance and size of fish larvae collected with conventional 288 ichthyoplankton methodology, with the results from an acoustic survey at five frequencies. Because 289 the acoustic backscattered energy is proportional to the number and/or size of swimbladders in fish 290 (or gas inclusions in zooplankton), we have compared fish and zooplankton densities instead of 291 comparing scatters with biomass of the individuals. The regression analyses revealed that the 292 acoustic response at the frequency range of 38-120 kHz were effective to detect larval fish 293 aggregations. However, the predicted acoustic resonance at larval size and depth show that the 120 294 kHz is unlikely in being effective to detect fish larvae, at least for M. poutassou in this study. This 295 13 seems to be in accordance with the lack of agreement between the larvae abundance and the 296 acoustic response at this frequency observed in the spatial distribution. 297
There are a few examples of the use of acoustics to detect fish larvae aggregations at the 298 acoustic range employed for adult fish assessments. The importance of the 38 kHz frequency for 299 detecting M. hubbsi larval aggregations from echograms has been previously highlighted (Álvarez-300
Colombo et al. (2011). Rudstam et al. (2002) found that the assessment of fish larvae smaller than 15 301 mm at 70 kHz was obscured due to the presence of invertebrate targets and noise. Our results 302
indicate that the contribution of zooplankton (other than fish larvae) to total scattering at 18-120 303 kHz range in the acoustic regions corresponding with the net path was negligible, except for several 304 groups of fluid-like zooplankton, such as chaetognats and polychaetes. Also, the contribution of 305 background noise was found to be low at the entire frequency range and depths analyzed. 306
The relationships between acoustic signals and M. poutassou larvae densities improved 307 considerably when the stations with smaller average larval length were removed from the analyses. 308
The best fits were found when considering sizes larger than 3.0-3.5 mm, possibly related to the 309 development of a functional swimbladder and the highest abundances at these sizes. This clearly 310
indicates that smaller larvae did not contribute significantly to the recorded acoustic echoes. On the 311 other hand, when considering hauls with an average size larger than 3.0-3.5 mm, the coefficients of 312 determination were lower. This was likely due to the low abundance at these sizes, and then the 313 residual noise or the contribution to total backscattering from other organisms may contribute more 314
to the acoustic signals. 315
The time, and hence larval size, of the swimbladder's first inflation is species-specific. For 316 example, swimbladder formation in T. trachurus occurs at 4 mm standard length (Russell 1976) , in E. 317 encrasicolus at 7 mm, and in S. pilchardus at 10 mm (Ré 1986). Thus, it is critical to study the length range is normally assumed. However, the survey was completed at the beginning of the 340 spawning season, with most of the caught larvae being in early posthatch stages. Consequently, 341 most larvae caught in this study were early larvae with little ability to avoid the net. Also, our models 342 predicted a resonance from larvae of 10 mm and larger at the frequency of 18 kHz, but the related 343 echograms did not show significant echo traces in correspondence with larval fish catches. This 344 suggests that larvae of these sizes were not present in the study area at the time of the sampling. 
